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rOBVARO 

^11  work  wea  parfonsed  in  accordance  with  tha  follow» 
lag  Air  Foroa  Contraotai 

titan  II  Prograa  Arok^,6k^)~3^6 
I^)ma>Soar  Stap  I  Progran  AF04(£47)-6l0 
titan  III  Pbasa  I  Prograa  AF04(695)'*54 


lotai  Tha  OynaoSoar  Step  I  work  included  in  tbia  report 
vaa  aooompliahed  prior  to  the  tenlnation  of  tha 
oontract*  The  report  and  analysla  work  vaa  aoooap> 
liahed  under  the  Titan  III  Phase  I  oontraot* 


A.BSTRACT 

Th«  use  of  etor&ble,  high  energy  end  hypergolto 
propellents,  Bneyaiiietriofil  Sinethyl  Bydraslne  (in)KB}/Sjrdre- 
eine  end  nitrogen  Tetroxide  in  '?lten  II  end  Titen  III 

le  en  edTenoeaent  in  weepon  end  space  eystens*  BoweTSr,  the 
interalxlng  reaction  end  tozioologieel  properties  of  these 
propellents  introduced  a  problee  in  the  design  of  the  destruet 
rystes  for  the  booster.  The  tests  that  were  oonduoted  to  develop 
end  verify  the  booster  destruet  eystea  with  these  propellents 
ere  described  in  this  report. 


fO-iSt 


pft(«  ill 

TABL3  OP  CONTEHta 


Izsi 

lJUWAiU)  . .  1 

ABSTRACT  .  11 

TABLS  Cf  CONTi3JT3 . . .  Ill 

LIST  OF  ILLOSTRATIONS . .  It 

I.  IITRODOCTION  .  1 

XX.  SUHMART . . .  3 

Ackflowlad^ents  and  ^‘farancaa  ............  6 

XII.  TEST  KSTHOD  &  DSSCPlPTIOH .  7 

A.  B««r  Barral  T^sta  ................  7 


B.  rail  Scala  Staga  X  •  Titan  X  Wlt?>oat  Propallaata  .  12 

C.  Half  Seal#  Staga  II  -  Titan  XX  With  Propallaats  .  13 

0.  Half  Scale  Stage  X  -  Titan  IX  With  Propellaata  .  .  30 

XT.  RESULTS  ASD  COtICLUSIONS .  35 

A.  Beer  Barrel  Teats  33 

B.  Pull  Scale  Stage  X  -  Titan  I  Without  Propellasts  .  35 

C.  Balt  Scalv  Slag*  II  -  Titan  II  With  Propellants  .  36 

D.  Half  Scale  Stage  I  -  Titan  IX  With  Propellants  .  .  37 


Pag*  It 

LIST  or  ILLP3TSATICH3 

nOPHg  PAOB 

1  TIPICAL  IBSTALLATIO.I  OT  DS3TR0CT  CHARaS  I.  BRACKET  ...  li 

2  MSTHOCT  CHARGE  DETOHATIOW  OP  )4  SCALE  STAGS  I .  l6 

2m  BESULTS  OP  B1-DIR2CTI0NAL  CHARGES  (WATER-HIPO  SPEC)  .  .  l6a 

3  STAGE  II  SPECIKEB  . .  l8 

k  ORDBABCS  ARHABGEMENT  .  .....  19 

3  TaST  SITE  AT  THE  LOWRT  AIR  PORCS  BOMBING  RANGE  ....  21 

6  IRSTRtmSNTATION  ARRANGEMENT  .  22 


7  ODMH/HIDRAZINE  LOADING  S.  PHESSIJRI2ATT05  STSTEM  ....  2k 

8  NITROGEN  TEXROXIDE  LOADING  «.  PRESD..XZAT10N  STSTEH  ...  2? 


9  CAMERA  COVERAGE  . .  pS 

10  STAGE  %  SPECIMEN . 32 

11  ERECTION  OP  STAGE  X  )t  SCALE  SPECIMEN  ON  THE  TEST  PAD  .  35 

12  STAGE  1  SPECIMEN  ERECTED  ON  THE  TEST  STAND .  34 

13  PHLL  SCALE  TANK  DOME  AFTER  DESTRUCT .  58 

14  TEMPERATURE  DATA,  STAGE  II  TEST .  39 

15  PROPELLANT  LOADING  VEHICLE . . . .  .  40 

16  PHAGKENTATIOH  PATTERN,  STAGE  II  TEST  .  4l 

17  HALT-SCALE  STAGS  I  AND  ST^GS  II  FIREBALL  SIZE  A  RISE  .  42 

18  NITROGEN  DIOXIDE  CONCEI-rTHATIONS  . .  43 

19  PISSBALL  SIZE  .  44 

20  PIREBALL  RIS3  .  45 

21  TEMPERATURE  -  HALF  SCALE  STAGS  I  -  TITAN  II .  46 

22  TEMPBRAIuRS  -  HALF  SCALE  STAGS  I  -  TITAN  II .  47 

23  FIRS  BALL  A  THERMAL  COLUMN  RISE .  48 


fO-»» 


i 


MMes’TstJ  t.g^nscTirs’jr^  Gc^c2E^c:>n^viesrj 


p«g«  » 

LIST  OF  ILLUsn^ATICNS  (cont'd) 

riOaRS  PAGE 

23*  THERMAL  COL'JH!;  RISE .  49 

24  EXCESS  UITROCSN  TETRaXIUE  .  50 

25  locations  or  vapor  explosions . .  .  51 

26  PAD  remains  stage  I  .  52 

27  PAD  remains  stage  I  .  53 

28  FRAGMENTATION  PATTERN,  STAGE  I . .  ,  .  .  .  54 

29  SOKMARI  or  PRESSURE  AND  TEMPERATURE  DATA,  STAGE  1  .  ,  =  55 

30  IRESSORE  WAVE  FROM  VAPOR  aCPLOSIOIB .  $6 

31  DATA  SAJtPLE .  57 


p*c«  ^ 

TITAK  II  -  DTHA-SOAR 
PKSTRUCT  T’^ST  a;?0  A.HALY'IS  REPORT 


X.  nrraouacTioii 

Th«  Titan  II  Pjrna-Soar  booatar  dastruct  ayatan  la  oob» 
plataljr  indapanJant  of  tha  other  booatar  ayatamss  Tha  axploaiva 
ordnanoa  eoaponenta  naad  In  tha  daatruet  a/atea  are  hl-diraotional 
ahar^a4  Tvo  nnlta  ar#  Inatallad  aldvaa  battfoen  tha  ozldixar  and 
ftial  tank  in  each  ataga  and  are  daaigaed  to  reaove  75  to  60  par> 
aant  of  aaoh  oppoalng  fuel  and  ozidlser  tank  dome  to  pemit  intar> 
alzlng  of  tha  propellanta. 

A  aariaa  of  testa  ware  oonductad  by  tha  Titan  II  projaot 
to  davalop  and  certify  the  destruot  syatea  for  flight  and  to  ob> 
tain  data  froa  tha  irteraixing  of  various  roluaea  of  tha  storable  • 
hypargolio  booster  propellants  fox  evaluating  tha  associated  az- 
plosive  and  tozioological  problsna.  These  testa  included  intereiz* 

ing  and  rupturing  speoioens  containing  1.3  to  2j2  pounds  of  pro- 

a 

pallanta.  Qualification  and  aooaptanoe  tests  were  also  eonduotad 
on  tha  bi-directional  or  wafer  charge. 

Tha  Syna-Soar  project  joined  tha  Titan  II  test  prograa  to 
obtain  glider  anvironaental  data  (teoperatura,  over-pressure, 
debris  pattern,  etc.)  for  abort  criteria  anu  anvironaental  data 
(fire  ball  size,  toxicity,  d'  brls  pattern,  etc.)  for  tha  aoMle 
service  tower  and  launch  ooaplex  to  develop  design  criteria  and 
safety  requirer.onts. 

*  Test  report  on  flight  certification  tests  of  bi-dlraotional  deatruo 
eharges,  Martin  Part  Ko.  PT}6!>S01}3~OCIt  tfs*  Pranoia  Aascoiates 
Co.,  Denver  25i  Colorado. 
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The  Joint  proj«ot  test*  oonduotea  inoluded  a  destruot 
test  of  a  half  seal*  (linear)  aodel  of  Stage  II  loaded  with 
i  5^00  pound*  of  DI);!3/H/drasln*  and  10,000  pound*  of  nltx*ogen 

tatrozlde,  and  a  half  *cal*  test  of  a  Stag*  I  apeolBen  loaded 
with  21,300  pound*  of  nitrogen  tetroxid*  and  11,200  pound*  of 
ITCMH/Hpdraslne. 

The  Baltiaore  (M/b)  and  Denver  Dlvieloa*  (R/D)  of  the 
Martin  Marietta  Corporation,  The  Denver  Bssearoh  Institute  (DRI) 
ef  the  Unlverslt/  of  Denver  and  the  United  State*  Bureau  of  Mine* 
(Bn  Mine*)  provided  the  personnel  who  participated  la  this  aerie* 
of  test*  with  the  propellant*. 
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II.  SOMMART  *•'  ' 

th*  dcatruct  teats  discussed  in  thlo  report  include: 

Beer  Barrel  Destruct  Testa 

full  Scale  Stage  I  Titan  I  without  Propellants 
Ball  Scale  Stage  II  Titan  II  with  Propellants 
Ball  Scale  Stage  1  Titan  II  '.'ith  Propellants 

"BE£R  BARREL**  DESTRaCT  T'SSTS 

k  series  of  destruct  tests  were  conducted  using  aluainun 
Beer  barrels  containing  quantities  up  to  290  pounds  of  propellants, 
112  pounds  of  ODMH/Hydrazino  in  one  barrel  and  l80  pounds  of  ni¬ 
trogen  tetroxlde  in  the  other. 

The  objective  of  these  davelopaental  teals  was  to  de¬ 
termine  the  feasibility  of  rupturing  doaes  and/or  tank  walls  to 
provide  sufficient  interaiiziag  of  the  propellants  for  a  destruct 
system. 

While  simulating  both  launch  and  horizontal  flight 
positions,  eeveral  different  destruct  arrangements  were  tested. 

The  results  of  these  tests  Indicated  that  the  removal  of  opposing 
dunes  was  the  nest  effective  method  for  saxlsum  intermixing  of 
the  pronellants. 
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i’aLt  SCAtS  STAG"  I  ?ITA?t  1  VITIIOUT  PROPELLACTS 
Piva  aaihoda  were  ooneidered  end  tested  for  opening  ths 
opposing  doBos  between  t&nks  •  linear  shaped  ohargSy  prisacordf 
wedge  shaped  oharge,  fire  diraotional  shaped  charge  and  a  bio 
directional  wafer  charge.  The  bl>direetional  wafer  oharge  was 
aeldoted  because  of  its  affectlvenessi  cos'*'  and  safety  aspeota. 

It  can  be  handled  and  Installed  as  a  separate  unit. 

A  fttll-eoale  test  was  oondncted  using  the  biodireetional 
deatruot  eystes  in  an  airborne  Stage  I  Titan  Z  between  tanks 
speoiaan.  The  two  bi-dircotional  obargaa  reaoTed  80^  of  each  of 
the  opposing  doces. 

HALF  SCALS  SfAUa  11  ’flTAH  11  WITH  PHOPELLAHra 
This  teat  consisted  of  destruoting  a  speoiaen  with  J800 
pounds  of  US'tE/Sydraaine  and  10,000  pounds  of  Nitrogen  Tstrozide. 

The  objectives  were  to  obtain  reaction  data  and  10^  dispers¬ 
ion  froB  13,80C  pounds  of  propellant  interBixingi  to  obtain 
environaontal  data  for  the  glider,  the  aobile  service  tcver  and 
the  launch  ooaplexi  and  to  establish  a  ainiaua  tine  delay  between 
glider  abort  and  booster  destruct  that  will  not  endanger  the  pilot 
The  fireball  size  was  1*>8  feet  in  disaster  with  a  aaxiaua 
recorded  temperature  of  2400*F,  The  heat  of  the  fireball  caused 
the  NO^  vapors  to  rise  initially.  The  aaxlBua  concentration  of 
lO^  recorded  3CC  feet  downwind,  was  V4-  (PPH)  parts  per  aillion  at 

60  seconds  after  destruct  initiation.  Other  values  cf  sO  vers 
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balov  11  PPM  before  60  seconds  and  until  160  seconds  after  dastruot. 

HAt,P  SCALE  STASa  1  TITAN  II  WITH  PP.OP£LLAb:S 
A  speoiaen  containing  11 (200  pounds  of  UCHH/Sjrdraslna  and 
21|300  pounds  of  nitrogen  'i'etrozid*  was  dastruoted  for  this  test* 
Ths  objaotiwes  were  the  sane  as  th*  prerlous  test  with  32*700 
pounds  of  propellent  Intersixing,  but  th*  tank  seotione  were  bolted 
and  welded  in  position  for  mazioua  propellant  and  vapor  alzlng. 

The  fireball  size  was  131  feet  in  diaaeter  with  a  Baxiaua 
teaparatare  recorded  of  3000*?.  Th*  MO^  cloud  rose  froa  the  heat 
and  the  naxlnua  concentration  of  HO^*  recorded  700  feet  downwind* 
was  13^  PPM  at  90  seconds  after  destruet  initiation*  Other  values 
of  hOj  were  below  1  PPK  before  90  seconds  and  below  1  PPM  after 
90  seconds  until  180  seconds* 

The  initial  pressure  recorded  froa  the  destruet  charge  near 
the  speclaen  was  11  P.S.!.  Two  significant  vapor  explosions 
occurred  at  3*1  and  u.2  seconds  after  destruet.  Magnitudes  of 
thesa  were  high  near  the  test  speclaen  (3  and  10  P*S*I.  respective¬ 
ly)  I  however,  their  impulses  were  low.  The  test  cet-up  raaained 
intact  and  there  was  no  pressure  damage  to  the  test  speoiaan* 
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in.  TEST  KETriOD  AND  UiSCHlPTrON 
A.  Ba«p  DwTel  Dastruct  Teats 
Background t 

Lats  in  I960,  a  contract  was  awarded  to  the  Denver  Research 
Institute  of  the  University  of  Denver  to  perform  a  series  of  tests 
needed  for  the  study  of  desicn  para.-netars  of  a  destruct  system  in 
the  Titan  II  booster.  Prinarily,  the  objectives  ware  to  study  the 
propellants,  their  intermixing  reaction  and  toxicological  properties, 
and  to  gather  experunental  data  upon  which  a  destruc.  system  could 
be  designed. 

These  tests  oecana  known  as  beer  barrel  testa  beca\iso  the 
containers  used  for  the  propellants  were  standard  commercial 
aluminum  beer  barrels,  A  16'  x  16'  concrete  pad  was  constructed  on 
the  west  range  of  the  University  of  Denver,  and  two  angle-iron  frame 
assenblles  were  fabricated  for  supporting  two  barrels,  twelve  Inches 
apart,  end  to  end  horizontally  or  vertically.  Flexible  linear  charges 
(RPX-  50  grains  per  foot)  were  used  to  rupture  the  barrels.  All  the 
testa  were  recoi^ied  on  motion  picture  flLm  at  camera  speeds  of  2U, 

1*00  md  2000  francs  per  second. 

Phase  I 

Initially,  an  effort  was  made  to  discover  the  best  destruct 
Charge  airangemcrt  for  naxinum  Intemixing  the  propellants.  The 
barrels  were  placed  vertically  in  the  ft’ame  assembly,  filled  with 
15  gallons  of  U H-iH.Alydrasine  (112  pounds)  and  l5  gallons  of 
(180  poimds)  and  pressurized  to  lO  psi. 
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The  deatruct  eyatea  waa  installed  to  split  the  sane  sides  of  hoth 
barrels.  After  the  deotruct,  ample  intermixing  occurred  and  some 
propellants  burned  on  the  pad. 


(15  gals.,  iGo  pounds) 

Linear  Destruct  Charge 

UEMH^ydrazine  (I5  gals.,  112  pounds) 
-  Linear  Destruct  Charge 
Frame  Assembly 


Phase  I  -  Total  Propellants  -  292  Pounds 


Phase  II; 

The  horizontal  frmie  assembly  waa  erected  to  simulate  and  Inves 
tigate  ho>r  the  destruct  system  vould  operate  in  .he  flight  attitude. 
Tne  barrels  were  placed  horizontally  in  the  frame  assembly,  filled 
vlth  7  1/2  gallons  of  UDKH/Hyarazlne  (56  pounds)  and  7  l/2  gallons 
of  (>0  pounds),  and  pressurlreJ  to  i*0  psl.  The  destruct  system 

waa  installed  to  split  the  top  side  of  each  barrel.  Sojse  of  the 
irropellants  Wc-re  hurled  into  the  air  lv  the  linear  charge,  but  three 
fourths  of  the  propellants  wore  left  in  the  barrels.  After  the 
initial  intermixing,  the  barrel  assembly  was  tipped  over  to  allow 
the  recaltiinc  propellants  to  Intenalx  on  the  pad. 
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Phase  II  -  Total  Propellants  -  l46  Pounds 


Phase  III: 

The  decision  was  reached  to  use  .056'‘  thick  aluainun  skirts  to 
enclose  the  area  between  the  barrels  for  a  staulation  of  the  between- 
taoks  area  of  the  booster .  The  barrels  were  again  placed  horizontally 
filled  with  7  1/2  gallons  of  propellants,  and  pressurized  to  40  pal. 
The  destruct  system  was  installed  to  split  the  top  side  of  each 
barrel  and  the  opposing  end  of  ecci  b'-'iei  to  obtain  better  propellant 
interaixlng.  Greater  loteralxiiig  did  take  place  with  soae  spillage 
on  the  pad,  and  soce  propellants  remained  in  the  barrels. 


I — **2®4  gals.,  90  pounds) 

-Linear  Destruct  Charge 

'Aluminum  Skirt  (.056) 

•UlWi/  Hydrazine  (7  1/2  gals.,  56  pounds) 

Frame  Assembly 


Phare  III  -  Total  Propellants  -  l46  Pounds 
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Phf.ae  IV: 

Tlie  Phase  III  test  was  repeated  In  the  vertical  position  to 
slaulate  the  launch  pad  conditions.  The  results  were  considered 
good  because  the  fireball  produced  was  unlfor*  and  the  gaseous 
cloud  rose  rapidly. 


Phase  V: 

The  Phase  III  test  was  repeeted  without  the  side  splitting 
destruct  charges  to  Halt  the  spillage.  The  destruct  was  considered 
good  while  soae  propellants  remained  and  burned  In  the  barrels. 


1 

i 

r-H  0. 

a  ^ 

J 

(7)4  Gals.,  90  poa.".ds) 

—  Aluainuffl  S)cirt  (.056) 

Linear  Destruct  Charge 

f 

1 

hf 

ODHH/Hydrarine  (7/4  Gals.,  ' 

V 

i 

_ y 

/ 

||  ||  Frame  Assembly 

Phas*  f  Tctal  Propellants  1^6  Pounds 
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Phaae  YI: 

The  Phafls:  V  test  wti.3  repeated  In  the  vertical  position.  A 
rapid  reaction  occurred  and  the  gaseous  cloud  rose  and  dissipated 
qulckj-y.  The  entire  event  lasted  approximately  five  seconds  vlth 
minor  reactions  that  sounded  like  30  caliber  rifle  fire.  Ho  pro¬ 
pellants  remained  on  the  pad  after  the  test . 

5o  severe  blast  damage  resulted.  A  small  commercial  tin  can 
filled  with  water  una  placed  under  the  barrel  and  was  undamaged 
after  the  test. 

H^Oj^  (7)4  Qalst,  90  pounds) 

AlumlnuB  3kirt 

Linear  Oestruct  Charge 
Frame  Assembly 

UDMH/Hyrdazine  (7)i  Gals.,  pounds) 


Phase  VI  Total  Propellants  146  Pounds 
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B.,  Desti'uct  Test  of  a  Full  Scale  Portion  of  Stage  I  -  Titan  1  Without  ProptUants 
Baclcground: 

Prior  to  the  verification  uescruct  test  of  a  full  sc^Je  portion  of  Stage  i  -  ‘litan  I. 
without  propeliants,,  r  was  necessary  to  accurately  o/aluate  and  demonstrate  the 
effevi,i.cr..rss  of  the  bi-directional  destraci  charge.  Tests  were  conducted  with 
tnc  destruct  charge  on  8‘  x  8''  aluminum  panels  .06?"  tWek  and  backed  up  with 
Wafer..  After  these  evaluation  te.sts  were  completed  a  water  backed  Titan  1  tank 
dome  was  ruptured  with  the  bi-directional  charge  20"  away  from  the  test  speci¬ 
men.-  The  final  test  was  conducted  with  the  actual  destruct  system  being  detona¬ 
ted  in  the  between  tanks  section  of  ar.  airborne  Titan  I  missile. 

Phase  1  -  Because  of  the  sc.arcity  of  available  full  size  tank  domes,  this  test  plan 
was  arranged  in  such  a  manner  as  to  permit  maximum  evaluation  of  the  destruct 
charges  against  mocked-up  target  panels.  These  targets  were  fabricated  from 
.062"  thick  6061 -Tb  aluminum  p.incls  and  sized  as  8’'  x  8*'  floatable  panels.  These 
panels  were  flouted  on  a  water  surface  to  simulate  iti.o  liquid  backed  condition  of 
a  propellant  tank  dome.  (The  difference  between  the  flat  target  panel  and  the 
curved  tank  dome  was  considered  unimportant  for  puiposes  of  this  tesf.)  The 
destruct  charge  was  located  at  various  distances  above  the  center  of  the  target 
panel,  and  oriented  so  as  to  pioduce  a  destruct  action  against  the  center  of  the 
pe.net  Ch<<rge  effect  was  evaluated  on  b.isis  of  the  degree  of  damage  imparted 
to  the  target  p.inel,.  i.e. ,,  (1)  maximum  hole  diameter  in  target  panel  caused  by 
destruct  charge  slug,,  and  (2)  maximum  tear  diameter  tn  target  panel  caus'Kl  by 
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destruct  charge  blast  effect. 
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PItase  II  -  A  subsequent  test  phase  was  arranged  to  permit  evaluation  of  the  de- 
struct  charge  on  an  actual  mi.sslle  rank  dome.-  A  Titan  I  tank  dome  was  selected 
for  the  test  specimei..  The  specimen  was  oriented  to  present  a  water  backed  tank 
dome  surface  to  the  destruct  charge,  which  was  located  about  20"  away  from  the 
dome.  This  test  was  considered  moic  icalistic  for  destruct  analysis  because  of 
the  comparable  nature  of  the  test  specimen  to  the  Titan  I'  tank  domes,  particu  - 
larly  with  respect  to  the  chem -milled  dome  areas  . 


Phase  111  -  The  final  test  in  this  scries  was  planned  to  permit  accurate  analysis 
of  a  complete  destruct  system  .nstallation.,  Preceding  tests  were  conducted  with 
one  charge  at  a  time.  This  lost  set  up  consisted  of  two  destruct  charges  mounted 
on  actual  installation  brackets,  along  with  associated  primacord  harnesses.  The 
primacord  was  capped  off  with  enmp-on  boosters  as  in  the  actual  missile  instal¬ 
lation.  This  ordnance  system  was  iriStalled  in  a  Titan  I  Stage  I  between  tanks 
section  structurally  integral  with  a  full  size  fuel  lank.  The  test  set  up  was  com¬ 
pleted  by  poslti  'ning  a  full  size  (10'  diameter)  Titan  1  tank  dome  in  its  proper 
orientation  atop  the  between  tanks  .section  so  that  two  opposing  tank  domes  were 
presented  to  the  destruct  charges.  Water  was  loaded  into  the  lower  tank  to  ap¬ 
proximately  90'"^  c.ap.icity.  and  to  a  height  of  about  20  '  in  the  upjxir  dome.  No 
tank  pressurization  was  used  (n  the  test,,  in  order  to  establish  full  capabilities  of 
the  destruct  charges  alone.- 

(Seo  photographs  of  tho  bl-diroctional  do.struct  chore*  installation  and  tha 
results  of  the  charges  In  fieures  1  anc  13  on  pages  Ih  and  38,) 
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C«  Dostruct  Test  of  Half  Seals  Stage  11  -  Titan  11  With 
Propellants 

Backerroun'i; 

To  thoroughly  check  out  the  test  setup  before  destructlng 
a  aodel  with  propellants,  a  half  scale  Stage  1  Titan  II  test 
specimen  was  loaded  with  w  )r  and  hypo  solution  (to  simulate 
the  weight  of  and  pressurized  for  s  structural  test. 

The  specimen  was  then  destructed  with  a  bi-directional  charge 
to  eerify  the  ordnance  installation. (Figs.  2  4  pages  16  4l6h)  Vhs 
hemispherical  domes  of  the  test  specimen  did  not  rupture  in 
the  same  manner  as  the  airborne  ellipsodlal  domes  did  in 
Ssctlon  B  of  this  report.  For  better  simulation  c?  propsllajit 
intsrmlxing  and  to  assure  remoeal  of  8C  percent  of  each 
opposing  dome  in  the  model,  a  linear  shaped  charge  was  used 
for  the  test  when  the  tanks  were  loaded  with  propellants. 

Since  a  bi-directional  charge  was  replaced  with  a  linear 
shaped  charge,  it  was  also  necessary  to  conduct  the  propellant 
test  without  bolting  the  between-tanks  sections  together.  As 
noted  in  Section  of  this  report,  the  bi-d;Lrectlonal  charge 
removes  the  between-tanks  structure.  On  all  previous  tests 
with  the  bi-directional  charge,  the  tanks  separated  immediately 
after  the  destruct  charge  was  initiated. 
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T«Bt  ConJltlona; 

TImx  2:23  ?•>•»  ^  Novaaber  I96I 
Taaparatura: 

Ataoapharic  preesuro:  11.7  lbs.  p«r  sq.  in. 
k  w««Jc,  fast  moving  Pacific  cold  front  passed  tbs  test  sits 
at  0610.  Brief  flurries  of  enow  occurred  shortly  after  the  frontal 
passage.  At  the  tine  of  firing,  thare  were  scattered  cuaulus  clouds 
at  an  estlaated  height  of  4000  feet.  The  wind,  as  aeasured  at  the 
obsarration  point  was  40*  end  22  eph. 

Deecrlptlon  of  Speclnen; 

The  speclnen  was  an  assembly  simulating  the  Stage  II  propellant 
tanks  of  the  Titan  II  booster.  The  dlaneter  of  the  speciaen  was  3 
feet.  Complete  dinenslons  are  shown  in  Figure  3«  page  I8.  The 
specimen  tank  domes  were  spun  aluminum  hemispherical  domes.  The 
test  speciaen  tank  skins  were  rolled  aluminum  welded  to  the  tank 
domes  emd  stiffened  by  twelve  channel  stringers  welded  to  the  tank 
at  ten  inch  intervals.  The  stringers  were  butted  end  welded  to 
Ji"  X  5"  1  5*  diameter  flat  rln,;s.  The  upper  and  lower  tank  assemblies 
ware  placed  together,  no  bolts  were  used  to  splice  the  two  assemblies 
together.  Simulated  cable  bundles  were  attached  across  the  splice  to 
duplicate  those  on  the  actual  booster.  The  between  tsnke  ares  was 
covered  with  .ucC  alumlnua  skirts  and  attached  by  sheet  metal  acraws. 

A  linear  shaped  charge  (40  grans  per  foot)  destruct  system  was 
installed  on  each  of  the  between  tank  donas.  Styrofoam  strips  wars 
used  between  the  charge  and  the  tank  dome  for  optimum  stand-off. 

Ths  linear  charge  pattern  was  altered  on  each  done  to  allow  for  the 
propellant  fill  fittings  on  the  lower  OKtH/Hydrarlne  dome.  Each 
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p«tt«rn  WHS  arranged  to  cut  open  a  olniaus  of  75%  of  the  reapect- 
l?s  dome  (See  Figrare  4,  page  19)  • 

Redundant  explosive  connections  ware  made  between  the  two 
dome  charge  Inatallatlons.  In  addition,  one  linear  charge  from 
each  Installation  was  coupled  to  the  Initiator  through  a  pair  of 
booster  capped  (P-11  Booster  H-yoOS?) ,  100  grain  per  foot,  prlmr- 
cord  strands,  A  standard  Titan  I  destruct  initiator,  secured  to 
the  between  tanks  structure,  was  used  to  initiate  the  destruct 
system. 

Explosive  bolts  were  used  In  the  guy  line  cables  to  allow 
the  release  of  the  test  specimen  five  seconds  prior  to  the  destruct 

event. 

fixture ! 

The  tost  specimen  was  mounted  on  s  stand  (Figure  5t  pag*  2)-) 
which  was  ten  feet  high.  The  stand  consisted  of  a  10*  X  10* 
platform  of  steel  plate  stiffened  by  8"  channels  and  supported  by 
six  braced  steel  pipe  legs.  The  stand  was  bolted  to  a  concrete 
per..  Tna  pad  waa  50'  X  50*  concrete  with  a  curbing  4"  wide  and  l8" 
high.  The  pad  was  aitunted  at  a  test  site  on  the  Lowry  Air  Force 
Baee  bombing  range  located  east  of  Denver,  Colorado.  The  teat  site 
was  6000  feet  above  sea  leval,  5>4  miles  east  of  Complex  lA  and  3.5 
■lies  north  of  Complex  IB. 

Two  wooden  telephone  poles,  75'  high,  were  erected  at  the  edge 
of  the  pad  in  lino  with  the  test  stand.  Two  rods  were  attached 
pole  to  pole  10'  and  20'  above  the  specimen.  A  fifteen  foot  boom 
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Position 

sm 

Rarii^rt 

©  ©© 

1 

2400*  r 
40  ps: 

20  PS  I 
2400*  T 

G® 

1 

2400*  F 
40  PS  I 
40  PS  I 
2400*  F 

® 

r/c 

P/C 

i 

IT 

2400*  F 
20  PS  I 
20  PS  I 
2400*  F 

Position 

Typo 

Range 

© 

T/C 

P/C 

HT 

H1K£ 

1500*  F 
20  PSI 
1500*  F 
120  db 

(g) 

T/C 

SO 

MIK£ 

BT 

1200*  F 
10  PSI 
120  db 
1000*  F 

@ 

»  SO 

T/C  -  Thtrsocoui-l# 

P/C  -  Photocoa  FrsBSura  Tranaducar  (static 
K  -  Kistlar  Presaup*  Transduc*P  (dynamic 
HT  -  Heat  Transfer  Gage 
SG  >  Strain  Gage 
Mike*  Hicropbone 
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wrs  cantllovered  from  each  pole  at  the  top  of  the  specimen,  and 
a  ten  foot  boom  was  cantilevered  from  one  pole  ct  the  between 
tanks  height.  Three  smaller  poles  (2}*  high)  were  erected  at  60* , 
140' ,  and  3^0'  northeast  of  the  teat  stand.  Instrumentation 
equipment  was  mounted  to  each  of  these  poles,  (figure  6,  page  22) 

A  propelloui.  loading  and  preeouritation  eystea  was  designed 
and  installed.  (Figures  7  (t  8,  pages  24  It  23) 

The  firing  point  was  located  3300*  southwest  of  the  test  pad. 
Instruacntutiop; 

A  total  of  36  channels  of  instruaantation  was  Installed  and 
calibrated.  The  instrumontation  consisted  of  eight  thermocouples, 
seven  Photocon  pressure  transducers,  six.  Kistler  pressure  trans¬ 
ducers,  eight  beat  transfer  gages,  five  strain  gagas  and  two  micro¬ 
phones. 

An  instrumentation  trailer  containing  the  recording  equipment 
I  was  located  400  feet  northeast  of  the  test  pad. 

The  Bureau  of  Mines  placed  two  banks  of  vapor  sensing  bottles 
300  feet  from  the  test  pad.  One  bank  was  ten  feet  above  ground 
and  the  other  wa-s  fcaspenJed  by  a  crane  60  feet  “hove  the  ground. 

The  terrain  was  such  that  the  samplers  at  60  feet  were  at  the  same 
elevation  as  the  between  tank  location  of  the  test  specimen. 

The  pressure  tronsducers  Kl,  K2,  K3,  K4,  K5  "nd  K6  were 
Kistler  piezoelectric  Mod.  70I  csf-d  in  conjunction  with  the  Mod. 

3.>7  amplifier  providing  a  lOMV/psi  output  with  a  flat  frequency 
>  tnge  of  .01  to  60,000  cpe  and  nn  accelerotlon  sensitivity  of  .02 
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figure  8 


REMOTE  PRESSURE  STATION 


NITROGEN  TETROXIDE  LOADirO  AVO  PRESSURIZATION  SYSTEM 
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psl/g.  Prcaaurs  tronaducera  PCI,  PC2,  PC3,  PC4,  PC6,  PC7  and  PC8 
wtir*  Fhotocou  capacltanc*  gauijas  Mod.  332-2170  aatar  cooled,  uaed 
in  conjunction  with  a  DC601-2  Dynagage  Amplifier  providing  lOOMV/ 
psi  Mlth  an  easantlally  flat  frequency  response  froa  0-3,000  cps. 

The  two  nicrophones  used  as  pressure  transducers  were  Altec 
Lansing  21Ba-150  cupplying  -55  to  -65  DBAv/dyne/ca^.  The 
pressure  at  the  last  pole,  300  ft.  froa  the  blast  center  was  aeasured 
with  a  Stathan  type  FM-I3I  TC-35045  unbonded  strain  gage  type 
transducer. 

Teaperatures  (TCl-10)  were  detected  with  theraocouples  Bade 
of  Vo  ga.  chroael  alumel  theraocouple  wire  with  ga.  chroael 
aluael  extension  wire,  the  extension  wire  terminated  In  a  150*f 
•  1*  controlled  hot  reference  Junction  box.  The  teaperatu *e  signal 
was  then  carried  to  the  recorder  using  I8  ga.  shielded  copper  wire. 
Heat  transfer  was  measured  with  total  heat  type  calorlaeters 
conslstirig  of  a  polished  gold  d5slc  coated  with  platlnua  black  on 
the  side  facing  exposure.  Forty  ga.  chroael  aluael  theraocouple 
wire  was  welded  to  the  disk  on  the  backside,  this  assembly  was 
aounted  in  a  stainless  steel  bousing. 

The  thermocouple  and  calorimeter  signals  were  calibrated  by 
aeans  of  a  Toltage  subatltutlon  using  theraocouple/mllllvolt  tables. 
The  Photocon  and  Klstler  pressure  signals  were  stimulus  calibrated 
using  actual  known  preasures  applied  to  tha  sensing  eleaenta.  The 
alcrophonea  were  calibrated  using  an  Altec  Lenaing  No.  I2185 
Acoustic  Calibrator  and  the  Ch''  unbonded  strain  gage  transducer 
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waa  ahunt  raalatanca  callbratad. 

Strain  gages  used  were  TATNAIX  -  120  ohm,  C12-141B  with  a 
gaga  factor  of  2.03,  Shunt  resistance  calibrations  were  per¬ 
formed  and  the  outputs  were  amplified  through  KlnTel  AIlll  D.C. 
amplifiers* 

All  pressure  data  and  strain  gaga  data  was  recorded  on  Aapox 
mi^  Magnetic  Tape  Recorders.  Temperature  Data  was  recorded  on 
a  CSC  5-'119  oscillograph  using  1200  cycle/aec.  galTOaometers. 

Notion  picture  coverage  Included  24,  128,  2CC,  4C0  frames  per 
second.  (Figure  9t  28) 

Procedure 

The  model  was  erected  on  the  teat  stand,  and  the  following 
functions  were  perforaed: 

(s)  Both  tanks  were  pressurized  to  ^0  pal  while  all  Junctions 
were  covered  with  a  soapy  solution  to  detect  leaks. 

(b)  All  instrumentation  was  calibrated. 

(c)  The  ordnance  system  was  installed  on  the  tank  domes. 

(d)  The  lower  tank  was  filled  with  t>BO0  pounds  (780  gallons) 
of  ODMH/Hydrazlne. 

(e)  The  fuel  fill  line  was  purged,  anl  the  DDHH/Hydrsiine 
truck  withdraw, 

(f)  The  upper  tank  was  filled  with  10,000  pounds  (833 
gallons)  of  Nitrogen  Tetroxide. 

(g)  The  temperature  during  the  loading  operation  varied 
batweenUU*F  at  0200  soars  to  Ht  0700  hours. 
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(h)  A  final  check  on  caaeraa  and  Inatruaantatlon  wan 
coup la tad. 

(I)  Tba  Bureau  of  Kinoa  peraonnal  poaitionad  thalr  aqulpaant. 

(J)  Both  tanka  were  praasurlsed  to  40  ^al. 

(k)  Safety  verified  an  all  clear,  and  tba  destruct  was 
iaitia'.ed. 
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D«  Daatruct  Taat  of  Half  3cal«  Staga  7  •>  71taii  XI  With  Propellaats 
Baekgroundt 

Thla  taat  waa  a  contlauation  of  tha  previous  teat  (Section 
C)  nsing  a  half  scale  Stage  I  teat  speciaen  which  held  a  greater 
aKOunt  of  propellants  (3--t70C  pounds).  The  two  aaseablles  of 
the  epeelaan  were  welded  together  at  the  stringer  Interface  ring 
to  provide  for  aore  Intermixing  of  the  propellants  In  their 
liquid  and  gaaeous  states. 

Teat  Conditions; 

Tlaet  12138  p.a. •  22  Noveaber  19ol 

Teaperature:  JO*!" 

Wind  Velocity!  3  alios  per  hr. 

Wind  Direction!  263*  from  true  north 

Hualdlty : 

Ataospheric  Pressure:  11.7  lbs.  per  sq.  in. 

The  RAOVS  soundings  from  ”  vplaton  Field  show  that  a  stable 
condition  existed.  There  was  no  low  Inversion  at  the  tlae  of 
firing  (ref.  Kartln-Denver  IDC  to  J.  S.  Graichen  from  R.  H.  Bliss, 
"The  Martin  Company  Meteorologist"). 

Description  of  Test  Specimen: 

The  test  soeclaen  was  an  aasembly  simulating  the  Stage  I 
propellant  tanks  and  between  tanks  structure  of  the  Titan  IX 
booster.  The  dimensions  and  structural  components  of  the  speci¬ 
men  are  shown  in  Figure  10,  page  The  aluminum  domes  were 

spun  to  a  hemispherical  shape  and  welded  to  the  rolled  aluminum 


fO>IM 


r^Ai^tErrrA 

Page  31 

tenk  barrels.  £ech  tenk  structure  wss  strengtheneil  by  twelve 
ehtuaael  ssrin^era  welded  tu  the  barrel  at  tfsi.  luch  latervals 
«ad  butt  welded  ta  flat  rln^s  H  X  5  inches  and  3  feet  in 

diene  ter. 

The  upper  end  lower  tank  sssenblles  were  bolted  end  welded 
together  to  keep  the  specimen  tanks  in  place  after  the  donee 
ruptured 

The  ordnance  Installation  for  this  test  was  the  sane 
errangenent  as  that  called  out  in  the  previous  section.  (See 
page  17). 

The  fixture  and  instrumentation  arrangement  were  else  the 
sane  as  that  described  in  the  previous  section. 

Procedure  1 

The  specimen  was  erected  on  the  test  stand.  (Figures  11  It  12. 
pages  33  3^)  functions  performed  were  the  sane  as  those  In  the 

Stage  II  procedure  (Page  27)  except  that  the  Stage  Z  speclnen 
contained  11,200  pounds  of  UDHS/Uydrazine  and  21,500  pounds  of 
nitrogen  tetroxide,  and  both  tanks  were  pressurized  to  10  pal. 
Camera  Coverage; 

Sequence  camera  photographs  (8  f^/s)  were  taken  in  addition 
to  the  camera  coverage  denoted  in  figure  9,  page  28. 
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I?,  R«aultft  and  Conclu.itona  uith  Data  References: 

S2£R  BATtk::!.  DE3T^'JCJ  TE3T3 

(1)  Baaoral  of  tha  opposing  doaes  (oxldlsar  and  fuaX)  la  tba 

■oat  affactive  method  for  intermixing  tha  ii:iuid  propallanta 
In  Titan  TI  and  Titan  Til  booatara. 

\c}  Ifo  aignificant  problems  occurred  whan  292  pounds  of  pro- 

pall  ante  ware  Intermixed.  The  NO^  cloud  roae  and  dispersed 
rapidly. 

TOLL  3CALS  STAGS  I  -  TITAN  I  WITHOtIT  PROPELLA?»TS 


Phase  X  -  Tests  With  Target  Panels 

(1)  Performance  consistency  of  the  bi-dlrecticnal  destruet 
eharga  was  demonstrated. 

(2)  Target  damage  patterns  Justified  further  investigation  of 
these  effects  on  actual  missile  domes. 

Phase  II  -  Full  Scale  Dome  •  Titan  1 

(1)  Performance  conalstency  of  the  destruet  charge  was  further 
verified. 

(2)  Destruet  charge  removed  80%  of  the  dome.  (Figure  13f  page 

38) 

(3)  Tears  in  the  dome  tended  to  propogate  along  the  edges  of 
the  chem-ailled  sections. 

Phaaa  III  Full  Scale  Between  Tank  Section  of  Stage  I  Titan  X 

(1)  The  destruet  assembly  was  satisfactorily  demonstrated. 

(2)  More  than  75/®  of  both  opposing  domes  were  thoroughly  destroy¬ 
ed. 

(3)  Tha  axploaive  blast  of  the  two  destruet  char.^es  ruptured  the 
batwean  tanks  skirt  asaembly  and  blew  the  skirt  and  stringers 
■way  ffoas  the  test  Bpecinjn. 
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HALF  SCALS  STAGS  II  -  TITAH  II  WITH  PROPaLLAHTo 

(1)  Sufflclotit  latsrmlxlng  af  th*  propsllants  occurred  eTen 
though  the  fuel  end  oxidixer  tanka  separated  after  deatruct 
initiation. 

(2)  The  fire  ball  expanded  to  •  saxlaua  size  of  l43  feet 
horizontally  and  10$  feet  eertically  in  2.3  seconds  after 
deatruct  iuit'.atlon.  (From  24  fps  and  8  fps  csaiaras) 

(3)  After  reaching  a  aaxinun  size,  the  fire  hall  rose  and  drifted 
downwind.  At  4.8  seconds  after  deatruct •  the  botton  of  the 
fire  ball  was  11$  feet  above  the  ground.  (Froa  24  fps 
camera.  Figure  17,  page  42) 

(4)  The  aaxloua  temperature  recorded  was  2400*F«  This  occurred 
at  a  point  nt  the  side  of  the  test  speclaen  3*2  seconds  after 
deatruct  Initiation.  Temperature  Data  (Figure  14,  page  39) 

($)  The  total  radiant  flux  at  a  Thermopile  300  feet  from  the 
teet  specimen  was  2.3  Joules/cm^  (Ref.  (1). 

(6)  The  rising  fire  ball  and  thermal  column  helped  to  disperse 
the  HOj  vapors  wall  above  ground  level.  The  cloud  rose  above 
$00  feet  and  dispersed  within  a  mile  downwind.  Unreacted 
liquid  nitrogen  tetroxlde  vaporized  on  the  pad  and  this  NO^ 
vapor  drifted  toward  the  sampling  units. 

(7)  At  a  distance  $00  feet  downwind  froa  the  pad,  air  samples 
were  taken  from  bottles  located  10  and  60  feet  above  ground 
level.  The  bottles  took  samples  every  30  seconds  over  a  3 
aiauts  period.  Ref  (1)  or  (Figure  l3,  page  43) 
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(8)  Feraonn^l  ona  alia  downwind  from  tha  pad  did  not  datect  tba 
praaanca  of  KC^  aithar  by  aaapling  or  odor. 

(9)  Although  no  oraasuraa  wara  racorded  becaasa  of  an  instru- 
■antation  aalfaoctlcn,  thara  waa  no  pressura  daaaga  to  tha 
tost  fixturaoi  i.a.,  talephona  polaa  and  cross  baaas  abova 
tha  taat  spacifflao.  No  prasaura  wave  was  aansed  by  parson- 
aal  at  tha  firing  or  obsarvation  point  VOOO  faat  from  tha 
pad. 

(10)  fragaiants  from  tha  batwaen  tacJca  aaction  of  tha  tast  spaci- 
aan  wara  blown  out  horinontally  and  did  not  go  abotra  tba 
laael  of  tha  uppar  tank  dome.  Tba  uppar  tank  dona  reaainad 
Intact  and  strain  gagas  on  tba  top  of  tha  uppar  tank  dona 
indicated  a  coaprassiva  load  imaedlataly  aftar  daatruct 
initiation.  Fragnantation  pattarn  is  shown  on  Figura  I6, 
page  4l. 

(11)  Safety  personnel  inspected  the  pad  thirty  minutes  after  the  test. 
They  vara  equipped  wltn  protective  clothing  and  reported  that 
amall  amounts  of  nitrogen  tetroxido  were  atlU  vaporizing. 
Unprotected  personnel  inspccte  1  the  test  site  sixty  minutes 
after  the  destruct  initiation. 
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Half  Scale  Stage  I  -  Titan  n  With  Propellants 

(1)  Sufficient  intermixing  of  the  propellants  occurred  at  destruct  and  was  similar 
to  the  Stage  II  test.  This  was  due  to  both  test  specimens  being  5  feet  in  dia¬ 
meter.  Stage  II  and  Stage  I  fireballs  were  approximately  the  same  size. 

(2)  The  fireball  expanded  to  a  maximum  size  of  151  feet  horizontally  and  111  feet 
vertically  in  2  seconds  after  destruct  initiation.  Fig.-  17  and  Fig.  19. 

(3)  After  reaching  a  maximum  size,  the  fireball  rose  and  drifted  downwind.;  At 
4.5  seconds  after  destruct,  the  bottom  of  the  fireball  was  99  feet  above  the 
ground.  Fig.-  17  and  Fig.  20. 

(4)  The  maximum  temperature  recorded  was  3000°  F.-  This  occurred  adjacent  to 
the  test  specimen  2.2  seconds  after  destruct  Initiation.  Fig.  21  and  Fig.  22. 

(5)  The  total  radiant  flux  at  a  thermopile  275  feet  from  the  test  specimen  was  3.93 
Joules/cm'‘  Ref.  (I). 

(6)  The  rising  fireball  and  thermal  column  helped  to  disperse  the  NO  vapors  well 
above  ground  level..  However,  a  volume  of  unreacted  nitrogen  teffoxide  (larger 
than  Stage  11)  vaporized  on  the  pad  and  drifted  downwind..  Fig.;  23. 

(7)  An  air  sample  taken  700  feet  downwind  and  60  feet  above  ground  at  90  seconds 
after  destruct  revealed  a  concentration  of  154  parts  per  million  of  N02.-  Other 
air  samples  taken  at  six  other  time  intervals  up  to  three  minutes  rcuurded  less 
than  1  PPM  of  NOj.  Ref..  (1)  and  Fig.  16 

(8)  Some  30  oeconds  after  destruct  a  hole  burned  in  the  lower  fuel  tank  dome  and 
released  unreacted  UDMH/hydrazlne.  This  reacted  with  the  nitrogen  tetroxide 
on  the  pad  and  reduced  the  amount  of  NOj  vapors..  Fig.  24. 

(9)  With  the  UDMH/hydrazlne  and  nitrogen  tetroxide  tanks  being  secured  together, 
the  vapors  from  the  propellants  remained  in  closer  proximity  for  intermixing. 

(10)  A  pressure  rrcorded  from  the  destruct  charge  next  to  the  test  specimen  was 
11  psl.  At  3.1  and  4.2  seconds  after  destruct  initiation,  two  significant  vapor 
explosions  occurreti  and  pressures  of  5  and  10  psi,  respectively,  were  recorded. 
Fig..  25..  Although  the  magr'tude  of  these  vapor  explosion  pressures  were  high, 
their  impulses  were  low.  The  test  setup  remained  intact,  and  there  was  no  pres¬ 
sure  damage  to  the  test  specimer..;  Fig.;  26  and  Fig..  27.  Similar  vapor  explosions 
were  recorded  in  Ref..  (2) .. 

(11)  The  skirt  between  tanks  was  blown  out  horizontally  from  the  destruct  charge  but 
did  not  rise  above  the  level  of  the  ic=t  specimen.  Tlie  upper  tank  dome  did  not 
fragment  but  remained  intact.- 
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(12)  Personnel  ststioned  at  the  firing  point,  35CX)  feet  south 
■oathtrest  of  the  pad,  felt  a  nild  sensation  of  the  snoclc  ware* 
Figure  30»  page  %  shows  the  snock  wave  moving  outward.  The 
telephone  pole  gives  the  illusion  of  bending  as  the  shock 
wave  passes  between  tne  canera  and  the  pole. 

(13)  Safety  personnel  In  protective  clothing  inspected  the  pad 
thirty  minutes  after  destruct  initiation  and  reported  that 
SBiall  voluaes  of  nitrogen  tetroxide  were  still  vaporising. 

(llj)  Unprotected  personnel  Inspected  the  pad  sixty  silnutes  after 
destruct  was  initiated. 

(15)  1  saople  of  tha  tab  run  of  Instorunentation  is  shown  in  Figure  31 
page  57,  and  the  conplete  data  tabulation  is  presented  in 
Ihs  Martin  Company,  Dsnver  Division,  Report  •  Ujma-Soar  J  Scale 
Blast  Test  of  28  Kcveaber,  l?6l. 
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Figure  l6 
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FRAGMENTATION  PATTERN 

1/2  acale  St. II  Dcstruct  Test 
with  propellants 
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- 

99 

Rise  -  measured  from  bottom  of  flrebat!  to  ground  level 
Half-scale  Stage  1  and  Stage  11  fireball  size  &  rise 
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Figure  l8 

Concencration  of  NO2  In 
Farid  per  Million  (PPM) 
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Approxlaite  C«atar  Locations  of  Vapor  Sxploatora 
At  3«1  and  k,Z  Saconda  A- tar  Sestruet  Initiation 

(IfeaeuremAnts  ar«  In  ona  only) 


ffftg* 

Figur*  28 


6 

W  O  C>  1 

V 

o  3 


o 

o 


o 


o 

o 

o 


o 

o 


e 

60*x50*  T«tt  P«d 


o 


o 


o 


o 


o 


o 


o 


o 


o 


FRAOMESTATION  PATTERN 

1/2  St.  X  Destruet  T«Jt 

with  propallanta 
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O  .  MINIMUM  1  FT.  SQ. 
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Figure  29 
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P/DC  -  Pressure  recorded  from  destruct  charge 
P/3  -  Pressure  recorded  3 . 1  seconds  after  destruct 

P/4  -  Pressure  recorded  4.2  seconds  after  destruct 

T/0  -  Ambient  temperature 

T  -  Peak  temperature  recorded  1  second  after  destruct 

T/1  -  Peak  temperature  recorded  1 .4  seconds  after  destruct 

T/2  -  Peak  temperature  recorded  2.2  seconds  after  destruct 

T/3  '  Peak  temperature  recorded  3.1  seconds  after  destruci 


SUMMARY  OF  PRESSURF,  AND  TEMPERATURE  DATA 
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